Changes in gestational age distribution among spontaneous and clinician-initiated deliveries at extremely preterm (20-27 weeks), very preterm (28-31 weeks), moderately preterm (32-33 weeks), late preterm (34-36 weeks), early term (37-38 weeks), term (39-40), late term (41 weeks), and postterm (42-44 weeks) gestations and changes in neonatal mortality rates at less than 28 days between 2006 and 2013. These changes were estimated from log-linear Poisson regression models with robust variance, adjusted for confounders.
G lobally, a third of all preterm births each year are implicated in 1.2 million neonatal deaths. [1] [2] [3] The economic burden of preterm birth is estimated at $26 billion in the United States alone. 4 Efforts to determine the probability of and prevent preterm deliveries have met with mixed success. 5 Preterm birth is associated with increased perinatal mortality and morbidity 6-8 and neurodevelopmental deficits. 9-11 A recent study showed that, among singleton births in the United States, births at late preterm (34-36 weeks), early term (38-39 weeks), and postterm (42-44 weeks) gestations declined between 2007 and 2015. 12 However, perinatal mortality rates at these gestations increased by 1% to 4% annually. In contrast, births at term gestations (39-40 weeks) increased, but mortality rates at this gestation decreased by 1.5%. Whether these changes in gestational age differ for spontaneous and clinician-initiated deliveries remains uncertain. Since 2005, a decline in both spontaneous and clinicianinitiated deliveries of similar magnitudes in the United States has been reported. [13] [14] [15] [16] [17] The administration of progesterone therapy to women with a history of spontaneous preterm birth 18, 19 and the reduction in elective deliveries at less than 39 weeks 20 may have led to the decline in the number of deliveries at preterm gestations. We hypothesized that these reductions in the rates of preterm and early-term births in combination with advances in neonatal care are likely associated with the decline in neonatal mortality rates. Clinicianinitiated deliveries are driven by the burden of impending maternal-fetal compromise, 21 such as ischemic placental disease. [22] [23] [24] Infants born of clinician-initiated deliveries at preterm gestations are at twice the risk of neonatal mortality or morbidity compared with spontaneous preterm deliveries. 17, 25, 26 The recommendation of the American Congress of Obstetricians and Gynecologists to postpone nonindicated deliveries to 39 weeks 20 may have resulted in a shift of births to 39 weeks or more, with an increase in spontaneous deliveries at late term and postterm gestations. Given the seemingly different pathophysiologic processes of spontaneous and clinician-initiated deliveries, it remains important to examine these distinct groups separately. We designed this study to evaluate changes in the gestational age distribution among spontaneous and clinicianinitiated deliveries between 2006 and 2013 and assess gestational age-specific trends in neonatal mortality rates among spontaneous and clinician-initiated deliveries.
Methods

Study Design and Data Sources
We undertook a retrospective cohort analysis of US singleton births without major malformations between 2006 and 2013. The data include live births linked to corresponding infant deaths (period-linked files) for over 99% of all births compiled by the National Center for Health Statistics. All deaths within the first year occurring in a given data year linked to their corresponding birth certificates composed the numerator file and whether the birth occurred in that year or the previous year. These data are collected by an attendant at delivery and transferred to the National Center for Health Statistics where they are cleaned, compiled, and deidentified. The study was restricted to births in states that used the 2003 revision of the birth certificate, first implemented in 2004. The study population included women who delivered nonmalformed, singleton live births between 20 and 44 weeks' gestation. We analyzed births starting from 2006 because data through 2005 were based on uptake of the revised certificate in only a few states. Data analysis was performed from August to October 2017. The data used in this study are publicly available as fully deidentified, and ethics approval was deemed exempt under the human subjects research by the institutional review board of Columbia University.
The 
Gestational Age
Gestational age (completed weeks) was derived from the best obstetrical estimate of the infant's gestation for births in 2007-2013 or a combined gestational age based on the best obstetrical estimate or a clinical estimate for births in 2006. 27 The National Center for Health Statistics showed that the clinical estimate and the obstetrical estimate of gestational age were comparable. 28 We analyzed the distribution of gestational age at birth according to previously proposed categories 29 :e xtremely preterm (20-27 weeks), very preterm (28-31 weeks), moderately preterm (32-33 weeks), late preterm (34-36 weeks), early term (37-38 weeks), term (39-40), late term (41 weeks), and postterm (42-44 weeks). We further categorized delivery type as spontaneous or clinician initiated. We defined clinicianinitiated deliveries as women who underwent labor induction or a prelabor cesarean birth based on a validated algorithm. 30 After assigning deliveries to the clinician-initiated group, the remaining deliveries were assigned to the spontaneous delivery group.
Neonatal Mortality
Neonatal mortality was defined to include live-born infants who died within the first 28 days. Mortality rates were expressed per 1000 live births.
Statistical Analysis
All analyses were performed separately for spontaneous or clinician-initiated deliveries. We examined 2 primary outcomes. First, we determined changes in birth rates at 20 to 27, 28 to 31, 32 to 33, 34 to 36, 37 to 38, 39 to 40, 41, and Temporal changes in the distribution of births and neonatal mortality rates among spontaneous or clinicianinitiated deliveries were evaluated by fitting log-linear Poisson models with robust variance structure. From these models, we estimated the rate ratio as the measure of association and converted the rate ratios for the period variable to percentage change in the proportion of births over the 8-year period. We then examined changes in neonatal mortality within strata of gestational age. We first estimated the crude changes in mortality rates between 2006 and 2013 within gestational age groups and then adjusted this model for confounders.
Potential confounders considered were maternal age (<20, 20-24, 25-29, 30-34, 35-39, and ≥40 years) 
Missing Data
Maternal educational level was missing in 255 304 (1.2%) and labor induction in 945 (<0.01%) pregnancies. These variables were analyzed 3 ways: (1) by assigning the missing data to the reference level of the covariate (ie, beyond college for educational level and labor that was not induced), (2) by assigning missing data as a separate level in the covariates and (3) complete case analysis. Because all 3 analyses produced identical results, we report the results of the complete case analysis. Maternal smoking, a potential confounder, was missing in 2 480 859 pregnancies (11.3%). We imputed smoking using the monotone logistic regression method based on other sociodemographic covariates by creating 50 imputed data sets after 25 burn-in iterations. 34 Once analysis of the 50 imputed data sets was completed, the results were combined. Findings were considered statistically significant at a 2-tailed P value <.05. Data analysis was conducted using SAS, version 9.4 (SAS Institute Inc).
Sensitivity Analysis
We examined maternal characteristics and changes in birth rates between 2007 and 2013 restricted to the 22 states that provided data consistently for all years. However, we were able to examine only changes in maternal characteristics between 2007 (the first year of data available to us) and 2013, as well as changes in birth rates over this period. Because we lacked data on neonatal deaths in the stateidentified data, we were unable to examine trends in neonatal mortality.
Results
Of , the proportion of pregnancies in women younger than 20 years declined by 30.2% (from 11.1% to 7.1%; 95% CI, −30.6 to −29.8), whereas the proportion of pregnancies among women 40 years or older increased by 20.5% (from 2.3% to 2.9%; 95% CI, 19.1 to 21.9). Rates of smoking changed by −35.3% (from 13.1% to 8.5%; 95% CI, −35.6% to −35.2%). Prevalence rates of hypertensive disease and diabetes increased over the study period, and labor induction rates declined.
Changes in Spontaneous and Clinician-Initiated Deliveries
The distributions of gestational age for spontaneous births between 2006 and 2013 are reported in Table 1 and Figure 1A , and the corresponding relative changes since 2006 are shown in Figure 1B . The proportion of births declined at 20 to 27 weeks from 0.7% to 0.6% (relative decline, 18%), 28 to 31 weeks from 0.8% to 0.6% (relative decline, 19%), 32 to 33 weeks from 1.0% to 0.8% (relative decline, 19%), 34 to 36 weeks from 7.4% to 6.0% (relative decline, 19%), and 37 to 38 weeks from 29.4% to 27.0% (relative decline, 8%). In contrast, the proportion of spontaneous births increased at 39 to 40 weeks from 54.4% to 58.6% (relative increase, 8%) and at 41 weeks from 5.9% to 6.0% (relative increase, 2%). Among clinician-initiated deliveries, the propor- tion of births declined at 34 to 36 weeks from 6.0% to 5.2% (relative decline, 12%) and at 37 to 38 weeks from 33.3% to 20.9% (relative decline, 37%) and increased at 39 to 40 weeks from 51.4% to 63.9% (relative increase, 24%) ( Figure 2A ).
Changes in Neonatal Mortality Rates Among Spontaneous and Clinician-Initiated Deliveries
Among spontaneous deliveries, neonatal mortality rates declined from 1.8 to 1.3 per 1000 live births (Table 2) , resulting in an Figure 2B . Among spontaneous deliveries, neonatal mortality rates at 20 to 27 weeks declined from 387.8 to 360.1 per 1000 live births, an adjusted annual decline by 1% (95% CI, −2% to −1%), from 32.4 to 22.3 per 1000 live births at 28 to 31 weeks, an adjusted annual decline of 6% (95% CI, −8% to −5%), and from 0.7 to 0.4 per 1000 live births at 41 weeks, an adjusted annual decline of 6% (95% CI, −10% to −1%) ( Table 3) . Tests to evaluate whether these annual changes were linear were generally satisfied (eTable 2 in the Supplement). Adjusted change in mortality rates over the 8-year period are given in eTable 3 in the Supplement. Neonatal mortality rates among clinician-initiated deliveries increased from 2.1 to 2.2 per 1000 live births (Table 2) , resulting in an adjusted annual increase of 1% (95% CI, 1% to 3%). Adjusted relative annual changes in neonatal mortality (2006 as reference) among clinician-initiated deliveries is shown in Figure 2B . Mortality rates increased at 32 to 33 weeks from 15.5 to 19.9 per 1000 live births (adjusted annual increase, 4%; 95% CI, 1% to 6%), from 5.1 to 6.3 per 1000 live births at 34 to 36 weeks (adjusted annual increase, 4%; 95% CI, 2% to 6%), and from 1.1 to 1.4 per 1000 live births at 37 to 38 weeks (adjusted annual increase, 5%; 95% CI, 4% to 7%) (Table 3) . However, mortality rates at 39 to 40 weeks declined from 0.6 to 0.5 per 1000 live births (adjusted annual decline, 1%; 95% CI −3% to −0.4%). Adjusted change in mortality rates over the 8-year period are also reported in Table 3 . Tests to evaluate whether these annual changes were linear were generally satisfied (eTable 2 in the Supplement).
Sensitivity Analysis
Analyses restricted to the 22 states that reported data between 2007 and 2013 showed similar maternal characteristics (eTable 4 in the Supplement), as well as gestational age-specific changes (eTable 5 in the Supplement) among spontaneous and clinician-initiated deliveries compared with the primary analysis.
Discussion
This study of nonmalformed singleton live births in the United States revealed that, between 2006 and 2013, the proportion of births among spontaneous deliveries declined at 20 to 31 and 41 weeks; neonatal mortality rates also declined at these same gestational ages. Among clinician-initiated deliveries, the proportion of births declined at 32 to 40 weeks; neonatal mortality rates at 32 to 38 weeks increased, whereas the rates declined at 39 to 40 weeks. A sensitivity analysis restricted to the states that reported data in 2007 showed that the distribution of maternal characteristics remained fairly similar between the full cohort of births and the restricted cohort between 2007 and 2013. This finding suggests that the changing maternal profile across years is less likely to have affected the trends in neonatal mortality rates.
Previous studies in the United States have shown that the temporal increase in clinician-initiated preterm deliveries were largely responsible for the overall increase in all preterm births.
14,17,35 Moreover, these increases were associated with a favorable reduction in neonatal mortality rates. The distribution in gestational ages among clinicianinitiated deliveries may be related to an increase in expectant management between 37 and 38 weeks, although prophylactic use of low-dose aspirin in women with ischemic placental disease 39,40 may have also contributed to these increases to some extent. 41 The largest decline in clinician-initiated deliv- b Annual change reflects the yearly change in neonatal mortality, with the mean determined over the 8-year period.
c Changes were adjusted for maternal age, primiparity, maternal race/ethnicity, educational level, single marital status, and maternal smoking (following imputation of missing data).
d Changes were adjusted for maternal age, primiparity, maternal race, and maternal smoking (following imputation of missing data).
e Models did not converge.
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eries was seen at 37 to 38 weeks, which may reflect hospital policies or quality initiatives aimed at reducing elective deliveries at less than 39 weeks. 20, 42, 43 Furthermore, it is also likely that obstetricians may have been more selective in limiting their use of induction or prelabor cesarean delivery at 37 to 38 weeks to pregnancies with more severe indications for clinician-initiated delivery. It appears that, at 39 to 40 weeks, there has been an increase in clinician-initiated deliveries (during which mortality rates declined). These births may differ in risk profile from clinician-initiated deliveries later in gestation. For extremely and moderately preterm births, the decision for an obstetrical intervention is largely driven by maternal-fetal indications, whereas the births closer to term are likely a mix of indicated and elective deliveries.
With the exception of spontaneous deliveries at 20 to 31 and 41 weeks, mortality rates remained unaffected by declining birth rates in all other gestational age groups. It is likely that prenatal interventions-by prolonging gestational age-coupled with improved neonatal care may have resulted in lower mortality rates. However, mortality rates among clinician-initiated deliveries, increased slightly at 32 to 33 and 34 to 36 weeks, more dramatically at 37 to 38 weeks, and substantially at 39 to 40 weeks. The increase in neonatal mortality at 37 to 38 weeks may have been an unintended consequence of the recommendation to postpone elective deliveries prior to 39 weeks. 20 It seems plausible that early-term deliveries that are successfully delayed to 39 weeks or later may have fewer, less severe indications for obstetrical intervention, therefore representing more truly elective interventions. If this supposition were true, the resulting 37-to 38-week birth group would comprise increasingly higher-risk infants over time as the trend toward delaying to 39 weeks or more became more widespread. Furthermore, stillbirths at less than 39 weeks may increase when facilities implement hard-stop rules for clinician-initiated delivery, 44 a finding that is concordant with trends in neonatal mortality seen at less than 39 weeks.
Strengths and Limitations
The classification of births based on the precipitating process leading to delivery (spontaneous and clinician initiated) provide insights. Gestational age was based on the best obstetrical estimate, a method that portends high sensitivity and specificity, as well as predictive values of 98% for defining preterm delivery. 45 The assignment of births to spontaneous or 
Conclusions
Among singleton births in the United States, spontaneous deliveries at 20 to 31 and 41 weeks' gestation declined between 2006 and 2013, and neonatal mortality rates declined at these gestations. Despite a decline in clinicianinitiated deliveries at 32 to 38 weeks, mortality rates at these gestations increased. However, mortality rates at 39 to 40 weeks-the gestational time during which the proportion of births increased-among clinician-initiated deliveries declined. An examination of how these trends differ based on the changing landscape of births by race 52 and socioeconomic disparities that underlie preterm births 53 remains important.
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